ferent amounts of hydrogen have shorn that the a'component of the a peak i n Iron can appear simultaneously with the S-K(H) peak for a large range of amount of hydrogen. These r e s u l t s allow u s t o conclude t h a t the geometrical kink mobility on screw dislocations i s only weakly modified by t h e hydrogen atoms. Nevertheless the interaction of geometrical kinks on screw dislocations and diatomic hydrogen c l u s t e r s i s noticeable and causes a relaxation process t h a t contributes t o the SK2 component of SKIH) relazation.
I. - 
INTRODUCTION
The intrinsic mobility of dislocations is strongly modified by means of the presence of hydrogen in iron. Indeed, the a peak, due to kink pair formation (KPF) on non-screw dislocations, disappears to give way to Snoek-KCster(H) relaxation which is constituted by two components, SKI around llOK and SK2 at about 155K (for 1Hz). The experimental characteristics of the SK(H) relaxation have been studied in various papers (1) (2) (3) (4) (5) (6) (7) (8) (9) . The theoretical interpretation of these components has been reviewed in a recent paper (lo), which gives a new analysis of the SK(H) relaxation according to all experimental characteristics. In this sense,it can be stated that the SKI component is due to thermally activated kink formation on the non-screw dislocations controlled by the diffusion of the hydrogen atoms situated along the dislocation line. A more precise analysis of SK2 component, which historically has aroused more controversy, has allowed us to exclude the interpretations of KPF on the screw dislocations controlled by the diffusion of the hydrogen atoms, which were proposed by Hirth (ll),as well as the longitudinal diffusion of the hydrogen atoms proposed by Ritchie (12) . In this way, we have pointed out that the SK2 component is due to the same process as the SKI , but is controlled by the diffusion of small clusters of hydrogen (probably diatomic in nature). On tne other hand, recently, internal friction experiments with a static stress have clearly shown that the a ' component situated on the low temperature side of the a peak can be attributed to the geometrical kink migration (GKM) on screw dislocations (to be published)/ZO/. Therefore, if this a'component also disappears due to the addition of hydrogen, one could think that the interaction process of geometrical kinks on screw dislocations with hydrogen should also contribute of SK(H) relaxation as was suggested by Vetter et al. (13) in order to explain SK2 component.
In this paper we have carried outexperimentswith high purity Iron doped with
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i n t e r a c t i o n of geometrical k i n k s on screw d i s l o c a t i o n s with hydrogen. Indeed, f o r small amounts o f hydrogen, t h e a' component c o e x i s t s with t h e SK(H1 r e l a x a t i o n ; howev e r concerninglargeamounts o f hydrogen, it seems c l e a r t h a t t h e i n t e r a c t i o n p r o c e s s of geometrical kinks w i t h hydrogen c o n t r i b u t e t o t h e SK(H) r e l a x a t i o n .
11.-EXPERIMENTAL PROCEDURE
The measurements a r e made i n an i n v e r t e d pendulum described elsewhere (8, 141 , o n p l a t e s (0.5x5x40mm) of CENG pure i r o n ( 1 5 ) . W e have a p p l i e d an a x i a l magnetic f i e l d of 200Oein o r d e r t o e l i m i n a t e t h e e f f e c t s of t h e magnetoelastic damping.
The measurements were made a t a mean s t r a i n amplitude of 5 x 1 0 -~. The samples had been pre-deformed t o 5% i n t r a c t i o n a t room temperature (RT) s o a s t o s u p p r e s s t h e peak, and l a t e r they were deformed to 5% i n t o r s i o n a t RT. Afterwards t h e hydrogen was introduced i n t o t h e samples by e l e c t r o l y t i c charging i n a s o l u t i o n 5% of H2S04 with a few drops of CS2 a s c a t a l y t i c agent, d u r i n g 15 minutes a t 400mA.
I n o r d e r t o o b t a i n d i f f e r e n t c o n c e n t r a t i o n s o f hydrogen, e l e c t r o l y t i c charging was c a r r i e d o u t by means o f two procedures : a ) To o b t a i n low c o n c e n t r a t i o n s , t h e charging was done a t R.T., mounting t h e sample i n t h e pendulum a t RT a s well and t h e n c o o l i n g t h e c r y o s t a t . b ) To o b t a i n high c o n c e n t r a t i o n s , t h e charging was done a t 250K, mounting t h e sample i n t h e pendulum a t 78K. having cooled t h e c r y o s t a t previously.
111.-RESULTS AND DISCUSSION F i r s t l y , we measured an i n t e r n a l f r i c t i o n spectrum of a pure i r o n sample which had been deformed t o 5% by t r a c t i o n and 5% by t o r s i o n and we n o t i c e d only t h e a peak ( f i g -l a ) wich i s r e p r e s e n t e d a f t e r e l i m i n a t i n g t h e background. Then we char-
ged t h e sample w i t h a small amount of hydrogen and a s a consequence of t h i s , a r e l at i v e l y small SK(H) r e l a x a t i o n appeared i n t h e i n t e r n a l f r i c t i o n spectrum ( f i g . l b ) . I t can be observed t h a t SK(H) r e l a x a t i o n corresponds almost e x c l u s i v e l y t o SKI component ; furthermore, t h e a peak which was a t t r i b u t e d t o KPF on non-screw d i s l o c a t i o n s has disappeared almost completely except f o r t h e a -component a t l o y temperature, which was r e c e n t l y acknowledged a s GKM on screw d i s l o c a t i o n s ( t o be p u b l i s h e d ) .
Such a ' peak does n o t decrease a s can b e o b s e r v e d i n t h e l e v e l s of i n t e r n a l f r i c t i o n a f t e r e l i m i n a t i n g t h e background. Both e f f e c t s a r e a l s o shown i n t h e curves o f t h e shear nndulus ( f i g . 2 ) where we canobserve t h a t a f t e r hydrogen charging (curve b ) , t h e r e i s s t i l l a modulus d e f e c t below 20K. which corresponds t o t h e a' component.
On t h e o t h e r hand, t h e modulus d e f e c t a s s o c i a t e d w i t h SK(H) r e l a x a t i o n i s f a r s m a l l e r than t h e modulus d e f e c t a s s o c i a t e d w i t h t h e former a peak (curve a ) . Such f a c t s ind i c a t e t h a t non-screw d i s l o c a t i o n s a r e hydrogen-blocked s o a s t o p r e v e n t t h e a peak from appearing ; however t h e c o n c e n t r a t i o n o f hydrogen atoms along t h e d i s l o c a t i o n l i n e i s r e l a t i v e l y low and t h u s SK(H) r e l a x a t i o n does n o t reach i t s maximum s t r e n g t h and i s s i g n i f i c a n t l y s h i f t e d towards low temperatures, a s it was p r e d i c t e d t h e o r e t ic a l l y .
Afterwards we charged t h e sample w i t h l a r g e amounts of hydrogen u n t i l we obt a i n e d a n o v e r s a t u r a t i o n above t h e e q u i l i b r i u m p o i n t ( 6 (SK) > 40x10-~1. Such overs a t u r a t i o n i s t h e o r i g i n of some t r a n s i t o r y e f f e c t s on t h e i n t e r n a l f r i c t i o n spectrum which a r e n o t t h e s u b j e c t o f t h i s paper and consequently w i l l be d e a l t w i t h i n another paper. Due t o a n n e a l i n g . a t 240K v e r y slowly t h e system r e a c h e s an "equilibrium c o n c e n t r a t i o n " , t h a t i s t o say, t r a n s i t o r y e f f e c t s disappear and t h e b a s i c outlook of t h e i n t e r n a l f r i c t i o n spectrum occurs r e c u r r e n t l y and p e r f e c t l y . Such i n t e r n a l f r i c t i o n spectrum i s shown i n f i g . 3 a where a s i g n i f i c a n t l y developed SK(H) r e l a x a t i o n can be observed w i t h a n important SK2 Component-However t h e u'component of a peak h a s disappeared almost completely. Indeed, t h e curve o f t h e c o r r e sponding shear modulus, fig.4a , does n o t show any modulus d e f e c t a t low temperatures; furthermore, i f we compare curves a and c i n f i g . 4 we can n o t i c e t h a t t h e modulus d e f e c t of SK(H) r e l a x a t i o n equals t h a t o f t h e former a peak. T h i s i n d i c a t e s t h a t under such c o n d i t i o n s , SK(H) r e l a x a t i o n has reached its maximum e q u i l i b r i u m s t r e n g t hTherefore, we could t h i n k a f t e r a f i r s t look a t t h e r e s u l t s , t h a t t h e disappearance o f a'component i s r e l a t e d t o t h e appearance of SX? component. However, such assumpt i o n i s n o t t o t a l l y c o r r e c t , a s we w i l l now prove.
A f t e r a slow degassing a t 240K both peaks have decreased ( fig.3b1 , b u t a t t h e same time t h e a -component has developed a t low temperatures. This e f f e c t can be c l e a r l y seen i n t h e curve of t h e corresponding s h e a r modulus, fig.4b .
I f we analyse t h e curve of t h e modulus i n d e t a i l and compare it w i t h t h e curve obtained before degassing, it can be observed t h a t t h e modulus d e f e c t corresponding t o SKI component has undergone almost n o changes a f t e r and before t h e degassing process, whereas t h e modulus d e f e c t a s s o c i a t e d with SK2 compqnent has decreased by an amount equal t o t h e modulus d e f e c t a s s o c i a t e d with t h e a'component. Indeed, t h e d i f f e r e n c e between curves a and b i s approximately t h e same a t 20K and 130K ( i n d i c a t e d by means of arrows i n f i g . 4 )
.
These f a c t s confirm t h e co-existence o f a'and t h e SKI component shown i n f i g . 1 ,
and they seem t o i n d i c a t e t h a t t h e appearanceand disappearance of t h e a ' component i s n o t a s s o c i a t e d w i t h such SKI component. Therefore we could i n f e r t h a t t h e i n t e ra c t i o n p r o c e s s o f hydrogen w i t h t h e geometrical kinks on screw d i s l o c a t i o n s does n o t c o n t r i b u t e t o t h e SKI component of t h e SK(H) r e l a x a t i o n . Nevertheless, t h e appearance of t h e a-component i s accompanied by t h e decrease of SK2 component by a n equivalent amount, a s i t i s shown by t h e modulus d e f e c t curves. Thus we could deduce t h a t geometrical kinks on screw d i s l o c a t i o n s i n t e r a c t with hydrogen and produce a r e l a x a t i o n process t h a t c o n t r i b u t e s t o t h e SK2 component of t h e SK(H) r e l a x a t i o n . However, we must remark t h a t such i n t e r a c t i o n i s n o t t h e Only process r e s p o n s i b l e f o r t h e o r i g i n o f t h e SIC2 component. I n f a c t , i f we compare t h e i n t e r n a l f r i c t i o n l e v e l s a t low temperature we can s e e t h a t i n t e r n a l f r i ct i o n i n f i g . 3 b i s approximately t h e same a s t h a t shown i n f i g . l b , which i n d i c a t e s t h a t t h e a -component has regained i t s maximum s t r e n g t h and t h e r e f o r e t h e geometric a l kinks do n o t i n t e r a c t with hydrogen any more. However, SK2 component s t i l l h a s a n o t i c e a b l e s t r e n g t h t h a t can only be a t t r i b u t e d t o t h e K.P.F. process c o n t r o l l e d by t h e d i f f u s i o n of p a i r s of hydrogen atoms ( 1 0 ) . In t h i s c a s e , looking a t t h e curves showing t h e modulus d e f e c t , we can e s t i m a t e t h e c o n t r i b u t i o n t o t h e SK2 compon e n t a s 40% by G.K.M. p r o c e s s and a 60% by K.P.F. p r o c e s s a l t h o u g h s u c h f i g u r e s a r e not meaningful s i n c e they l a r g e l y depend on t h e s t r u c t u r e of t h e d i s l o c a t i o n n e twork and on t h e c o n c e n t r a t i o n of hydrogen c l u s t e r s . A f t e r o b t a i n i n g t h e s e r e s u l t s , it seems t o be c l e a r t h a t t h e presence of hydrogen atoms does n o t modify t h e mobility of geometrical kinks on screw d i s l o c a t i o n s . Two hypotheses can be proposed a t t h i s p o i n t . a ) The i n t e r a c t i o n o f t h e geometrical kinks with hydrogen atoms i s very weak. This could be due, among v a r i o u s f a c t o r s , t o a s t r o n g d e l o c a l i z a t i o n of t h e hydrogen atom i n t h e d i s l o c a t i o n environment caused by t h e s t r e s s f i e l d of d i s l o c a t i o n c o r e ( 1 6 ) . Anyway, t h e s t r e s s f i e l d has t h e e f f e c t of p e r t u r b i n g t h e p o t e n t i a l b a r r i e r between a d j a c e n t s i t e s i n a d i r e c t i o n p a r a l l e l t o t h e d i s l o c a t i o n l i n e and favours t h e p i p e d i f f u s i o n along d i s l o c a t i o n l i n e s (17). b ) The concentration of hydrogen atoms along t h e d i s l o c a t i o n l i n e i s very small due to a low binding energy between screw d i s l o c a t i o n s and hydrogen atoms (18). On t h e o t h e r hand a high mobility of hydrogen atoms along t h e d i s l o c a t i o n l i n e could favour t h e formation of p a i r s o f atoms c l e a r i n g up of s i n g l e atoms t h e d i s l o c at i o n l i n e .
However, t h e experimental r e s u l t s show some i n t e r a c t i o n between t h e s e p a i r s of hydrogeil atoms and geometrical kinks on screw d i s l o c a t i o n s . I n f a c t , diatomic c l u st e r s have a lower m o b i l i t y and a binding energy w i t h t h e d i s l o c a t i o n h i g h e r than t h o s e of hydrogen atoms. Therefore, a t low temperatures, hydrogen c l u s t e r s behave a s pinning p o i n t s f o r t h e geometrical kinks on screw d i s l o c a t i o n s , making t h e a' component disappear. In t h e temperature range of t h e SK2 component of SK(H) r e l a x a t i o n , t h e diatomic c l u s t e r s become mobile and a t t h e sane time capable o f c o n t r o l l i n g t h e motion of t h e geometrical kinks. Such i n t e r a c t i o n p r o c e s s between geometrical kinks -hydrogen c l u s t e r s i s t h e cause of a r e l a x a t i o n p r o c e s s t h a t we w i l l name SK*(H) and i s superposed upon t h e SK2 component due t o K.P.F. on non-screw d i s l o c a t i o n s , which i s a l s o c o n t r o l l e d by t h e d i f f u s i o n of c l u s t e r s of hydrogen.
Such i n t e r a c t i o n of geometrical kinks on screw d i s l o c a t i o n s and diatomic C~U St e r s of hydrogen can be extremely complex because of t h e v a r i o u s p o s s i b l e o r i e n t at i o n s of t h e p a i r s of atoms and t h e d i f f e r e n t t y p e s o f geometrical kinks (19). Theref o r e t h i s a s p e c t should be s t u d i e d more i n d e t a i l i n t h e f u t u r e . However we can i nd i c a t e now t h a t t h e binding energy geometrical kink-hydrogen c l u s t e r s Eg (H-H) must be lower t h a t t h e binding energy hydrogen cluster-non screw d i s l o c a t i o n EB (H-H), s i n c e t h e SK'(H) component d i s a p p e a r s through annealing a t lower tempera-
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1V.-CONCLUSIONS
The co-existence of the a ' component and the SK(H) relaxation that we observed allows us to come to the following conclusions : a) The interaction of geometrical kinks on screw dislocations and hydrogen atoms is null or very weak. b) The SKI component can be attributed totally to KPF on non-screw dislocations controlled by the diffusion of hydrogen atoms. C) The interaction of geometrical kinks on screw dislocations and diatomic hydrogen clusters is noticeable and causes a relaxation peak that We will call SK'(H)-d) The SK2 component that we had noticed is the result of the superposition of two components : SK-(H) due to the process indicated above in c. SIC2 itself, due to KPF on non-screw dislocations controlled by the diffusion of diatomic hydrogen clusters. -Curves o f t h e s h e a r madulus corresponding t o t h e s p e c t r a shown i n Fig.3 . These curves have n o t been normalized. They a r e j u s t s h i f t e d f o r i n t h i s way t h e i r value a t low temperatures c o i n c i d e , making t h e i r comparison e a s i e r . a ) A f t e r s t r o n g hydrogen charging b ) A f t e r a long a n n e a l i n g a t Fig.3 .-I n t e r n a l f r i c t i o n s p e c t r a a f t e r a s t o n g hydrogen charging and annealing a t
